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SEG^StoD porous beds and preloaded MICROSCAO: DEVICES 



TECHMCaL FIELP 

rention relates to a microfluidic device for performing experiments which each 

s interaction between a solid phase material and a solute Aat is present in a 
The solid phase material is present in the device as porous beds during flic 
experiments. The device permits thai one or more experiments can be carried out in 
paralle .. 



Thein> 
5 compripes 
liquid, 



10 In the I*", a"*" and 3'" aspects an important feature is thai the porous bed is in a dry ^ 
state a Id comprises a bed-preserving agent See claims 4-10. In the fotmh aspect an 
unportant feature is that the porous bed comprises anupsiream part and a downstream 
part w lerc a reactant that is capable of reacting with a solute in a tbrou^passing 
liquid primarily is immobUized to the solid phase material of the downstream part. 
15 See cUiims 1-3. 

ParaU< livy means &at at least a sequence containmg the binding step is similar for the 
ipetinents. i.e. the periods of time during which tlte soUd phase material b m 

with the corresponding solutions and tiie sequence in which the solurions are 
essentially the same. The reagents/teactants used may be different 



ex.] 

contacit 
20 used 



ate I 



The tetm "solute" comprises true solutes, roi(»oorganisms including viruses, 
suspei ided cells, suspended cell parts and various other leactants that are in dissolved 
oLdal form and sufSciently small to be transported by liquid flow through the 



or coll 
25 bed, 



The 
micro 



term' 



"microfluidic device" means that the device comprises one or more 
jthannel structures in which liquid flow is used for transporting various kinds of 
s, analytes, products, samples, buffers and/or the like. The lerms *iiricro" in 
30 "miorjjchannel structure" contemplates that Aere are one or more cavities and/or 

: have a cross-sectional dimension that is < lO' |im, iweferably ^ 5 x 10* 
Hm, slich as ^ 10^ niii. The device is capable of processing liquid aliquois in the 
nanolitre (nl) range (which inohides the picolitre (pi) range). The nl-range has an 



reactaats. 
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b) 



solid 
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Id of 5.000 n\ but relates in most cases to volumes S 1,000 nl, such as < 500 nl 
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between the solute and the porous bed contemplates e.g. 
of the solute &om the liquid, i.e. the solute is retained by the solid so 
bed and the solute can be separated firom each other, 
interaction as part of a catalytic reaction, e.g. an enzymatic reaction, and/or 
phase synthesis. 



10 Patent publications cited herein are incorporated by reference in dieir entirely. _ 

BaCKC GROUND PCBUCATIONS 

WO 02 75312 (Gyros AB) focuses on affinity assays for Ihe characterization of 
reaction variables by binding a soluble affinity reaciant to a soUd phase maMrial that 
1 5 compri ses in immobilized form the countcrpartto the affinity reactant. The solid 
phase is represented by the inner wall of the reaction microcavity or by a porous bed 
placed in the reaction microcaviiy. 



SE 0201310 
20 used cfii 
systems, 
same as 



US 5; 
25 ina 



(Gyros AB) desaSbes performing catalytic assays with one part of the 
Ltalytic system being immobilized The assays are illustrated with enzyme 
, The immobilization techniques and support materials are in principle tiifi 
in WO 02753 12 (Gyros AB). 



,726,' 



site 



026 (Univ. Pesnnsylvania) andUS 5,928,880 (Univ. Pennsylvania) describe 
sentence a microfluidic device that comprises a detection/reaction zone 
contaiking a soUd phase material in particle form. Stteptavidin is immobilized to the 
particles. The particles may be dried or lyophilizcd. 



US 6,479,299 (Caliper) discusses predispensation of soluble and insoluble reagents 
30 (assay components) during die manufectoie of a microfluidic device. Insoluble 
reagei its may be in lyophilized form. 
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packagi 



has marketed a microscale fluidic device (Gyrolab MALDI SPl) containing 
ity of microehannel struetures each of v/hich contains a cokunn of a reverse 1^^^- ^ P^^3n^ och reg.verket 
material (hydrophobic beads) (WO 02075775 (Gyros AB) and WO V i: = • -G 1 ■ 2 S 
(Gyros AB)). The solid phase material is in a dry state. In order to seciurc HuvycHaj^un Kassan 
beads are retained in the correct location during storage and transport, the 
ks of The devices have been specifically designed. 



pipse 



WO 56]808 (Gyros AB), WO 0147437 (Gyros AB), WO 0154810 (Gyros AB), WO 
02075775 (Gyros AB) and WO 0275776 (Gyros AB) suggest in general terms to 
microfluidic devices in dry form. 



10 deliver 



US 5,3154,654 (Ligler ei al) suggests a kii comprising a solid support with an 
immobiH2:ed ligand-rcceptor complex that has been lyophilized together with a 
cryosK bilisator. Packing of the support in a macroscale column is sxiggested. 



15 



US 5, 
high 
polymi 
(a)a 



,998, 



during 



There 
25 mi 



high 
inter- 



decree ised 



30 



J,155 (Squibb) and US 5,691,152 (Squibb) describes compositions having a 
. biotin-binding activity and comprising a biotin-binding moiety immobilized to a 

Tifer support. The support may be in beaded form and lyophilized together with 
I billcing agent protecting the beads from damages during freeze-drying and 
20 assisting the reswelling of the beads, (b) a protectant for inhibiting chemical reactions 
freeze-drying and storage, (c) buffers etc. 



Background Problems 

are a nmnber of technical problems associated with providing fte market with 
micTofluidic devices of the type discussed above. We have found that in the case the 
custoiher would introduce the hydrophiiic porous bed into the device, there will be a 
for obtaining mal-ftinctioning beds, hi total this would lead to increased * 
and intra-device variations in performance of the bcds/microchannel structures, 
sensitivity and reproducibility, etc. 



In the macro world the general trend has been to provide preloaded columns with solid 
phase based separation media in bed form in a wet state and easily controlled. Losses 
of liquid during storage due to evaporation typically are low compared to the total 
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The situation is quite different for microfluidic devices where bed volumesr iuvi*d*v.f,:en Kassan 
typicaUjy arc in the nl-rangc. Evaporation is assisted by wicking, easily becomes 
significant and results in quick uncontrolled drying of a bed and an unacceptable risk 
for the :a:eation of channels, cavities and inclusion of air that will disturb the liquid 
5 flow cl araoteristics of the bed For solid phase material comprising a bioactive 
reaotan t the risk for ineproducible and irreversible changes in activity is also 
apparent. There are di£Qciiltie$ in reconstitutmg fully or pardy dried solid phase 
materie 1 in microfluidic devices to minute well-ordered and homogeneous porous 
beds/cc »Iunms having the liquid flow charactetiscics and binding activity with 
1 0 essenti ally the same inter-channel and inter-device variation as the wet beds had 
before drying, 

These problems are typically more pronounced for hydrophilic and/or watei-^swellable 
solid p base material than for hydrophobic that do not swell in water. See figures 2a-b 
15 and 3. 

OiiT e> perience with wet hydrophilic beds implanted the idea that the beds have to be 
dried tinder controlled conditions. It still, however, turned our difficult to implement 
dried j olid phase material tliat could be reconstituted in the desired way to minute 
20 porous beds/columns, e.g. 

• Ti e solid phase material typically carries a reactant that is sensitive to drying, 
steerage and transportation, 

• Tl lC binding of the solute to a porous bed in a microfluidic device may in many 
va riants of microfluidic devices be monitored by spectrometric methods tlirough a 

25 de tection window associated with flie porous bed* Tlie creation of undcsircd 

cl annels, cavities and air inclusions will increase the noise level for detection and 
th LIS also reduce sexisirivity and reproducibility, 

• D uring transportation of microfluidic devices that comprises porous beds, there is 
a significant risk that solid phase material may escape from the microcavity in 

30 xvbich ic is originally placed. The risk for losses of dispensed reagents and analyte 
b; r reactions with escaped solid phase material at undefined locations within a 
a iciochamiel structure is appar^i. This kind of problem is most severe if the bed 
isj built up of particles. 
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Ob JEcirS OF THE IWVENTION 

The obj ects are lo provide improved mictoflmdic devices that solve the problems 
discussed above. The objects thus comprise to provide microfluidic devices 
5 compri Jing solid phase material in a dry state that after stoi-age and transportation of 
the dev ice can be reconstituted to wet beds with essentially the same performance as 
wet beds of the same solid phase material not having being transfonned to the dry 
state- 1 : the solid phase material comprises an immobilized reactant, its activity, e.g. 
bindinj; activity such as capacity, shall be essentially unchanged by transforaiafion to 
10 the dr> state, storage, transportation and teconstitution- This in particular applies to 
activir 7 under flow conditions. The objects include providing mediods for 
manuf icturing the devices and use of the devices for separation and/or assay 
purpos es, among others. 



15 THE INVENTION 

Ith^ 

comp4^ds 



low been discovered that there are certain compoimds and/or combinations of 
that when intimately mixed witli a solid phase material will reduce 
adverse effects of predispensing, drying, storage, transportation, reconstitution etc of 
solid phase materials intended to be used as minute porous beds in microfluidic 
20 device is. These negative effects are for example: 

a) unacceptable formation of channels, cavities, air inclusions etc and/or, 

b) escape of solid pliiase material from a desired location within a microchannel 
structure, and/or 

c) reduction of the binding activity of an immobiliized reactant, e.g. affinity 
25 reactant 

This iind of compound or combination of compounds will henceforth be called "bed- 
preserving agenf * or simply "preserver" since they will assist in restoring a dried solid 
phase material to an efficient wet porous bed, A bed-preserving agent is simply 
included in the liquid phase of a wet solid phase material before drying/dehydration. 
30 Drying can take place inside or outside the microfluidic device. By using the proper 
rtiicrcifluidic distribution manifold, wc have found that the accuracy for the formation 
of re< constituted wet beds of predetennined volume can be fiirther increased in each 
micrtpchannel structures/reaction microcavity connected to the manifold. Inter-channel 
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variations due to drying, storage, transportation and/or recopstituiion of preloaded 

solid phase materials can easily be held at a minimum. 

It has I ilso been discovered that common flow control as defined in WO 0275312 is 
5 benefii dai for increasing the accuracy in restoring wei porous bed volumes in parallel 
in reaction microcavities of at least a subset of microchannel structures of a 
microiluidic device. Centrifugal force, for instance, is useful for improvmg tlxe yield 
of ejSi< nent porous beds if applied for settling and restoring fhe beds. 

10 First asf£CT: Microflujbic device 

This a spect is a microfluxdic device that comprises one, two or more microcharaicr 
structi res, each of which comprises a reaction microcavity intended for retaining a 
I base material in the form of a porous bed. The device is characteristed in that 
n licrochannel structure comprises a reaction microcavity with a hydrophilic solid 
material in a dry state that comprises one or more compounds tiiat act as bed- 
preser ^dng agents and secure that an acceptable wet porous bed is restored after a 
recoDi tituiion liquid has passed the dry state solid phase material- The bed preserving 
gent(s) are capable of 

st£.bilizing the solid phase material possibly containing an immobilized reactant 
g. an affinity reactant) during 

transformation of a wet state of the solid phase material to a dry state, and/or 
) a subsequent storage and/or transportation, and/or 

in the reconstitution of the dry stare to a wet porous bed. 



solid 
each 
15 phase 



a) 

20 (e 

(i) 
(ii 

b) 



assisting : 



term " 



25 The 
bed 
experimental 



i can 1 



acceptable wet porous bed" means that the experimental results from the 
be used, i.e. the bed is functional. The term "unacceptable" means that the 
results are discarded. The bed-preserving agent used thus increases the 
proba)>iiity for obtaining acceptable beds. The use of Uie principles of the invention 
may ihtis assist in increasing the yield of functional beds/microchaimel structure on a 
30 micro fluidic device to become ^ 70 %, such > 80 % or > 90% or S 95% or > 98 % of 
the total number of beds of a microfluidic device. 
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texm "dry state" is meant that the amoum of remawing liquid after drying is 



50 %, Such as ^ 30 % or < 20 % or ^ 10 % of the amouxxt of liquid present in the solid 
phase material when saturated with the liquid concerned (witii no free liquid layer 
appear ing on top of the bed). In many cases this means that the amount of liquid in the 
5 solid phase material after drying and/or storage is < 20 % (w/w), such as S 10 % or < 
5 %. The liquid refetxed to is typically water. 

Bed«p reserving agents (additives) 

The ds mages of a porous bed during drying/dehydration and storage typically depend 
10 on stK sses induced during transformation from a wet state to a dry state in the similar 
manner as for biologically active material. The choice of bed-preserving agent will 
depend i on the conditions for dr^dng, the solid phase material^ kind of immobilized 
reactai it etc. The same compound(s) may act as bed-preserving agent for one solid 
phase material and/or immobilisied reactam but negatively affect odier combinations, 
1 5 It will thus be extremely important to test individual preserver candidates [either as 
single compoimds or a$ combination(s) of compounds] and conditions for the 
traasfoxination to the dry state and/or the conditions for storage and/or reconstitution 
before a candidate is used for a particular solid phase material Testing is typically by 
trial a] id error and may include 
20 a) ph ysical inspection of the bed to find undesired channels, cavities and ah: 
inclusions, and/or 

b) de termination of through flow properties, activity of an immobilized reactant, etc. 
Deterjnmation of the activity of the immobilized reactani^ligand may include 
deierEiination of i) the activity profile in the flow direction and/or perpendicular to the 

25 flow direction (i,e. the distribution of activity in the bed), ii) the total activity of the 
bed ejc, for instance by testing the bed behavior in a standard type of assay or in an 
actual ftiturc use of the porous bed. If the immobilized reactant is an affinity reactaut 
that is able to capture a solute, the distribution of the solute in tlie bed after adsorption 
may be used to find abnormal local behavior caused by channels, cavities, air 

30 inclusions or local inactivation of the reactant, for instance. The total amount of 
adsor bed solute may give a total view, e.g. a measure of the mean condition of the 
immc bilized reaciant after reconstitution. Adsorption in this context is preferably 
perfo; med under flow condiiioiis, i»e. a liquid containing the solute is allowed to flow 
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ihroujgh the porous bed. These Iciads of xcstkig typically include a comparison willi a 
standea d bed and/or standard bcha\nior that may be given by 

a) tab ilated values^ 

b) preset specifications, 

5 c) the behavior of a bed prepared ftoiii Eon-lyophilized/non-dried solid phase 



maierial of the same kind as the lyophilizcd/dried solid phase material to be tested. 



etc. 



The 
10 drying 
of the 



required 
dehydijj 
15 al 
presen 



substeps 1 



during which the risk for damages is most significant are primarily die 
step (dehydration step) and the storage as such. In the case fireeze-diying is part 
1 lansfonnadon also the freezing step may cause significant damages. For 
biologically acdve material^ it is well known tiliat particular stabilisators may be 

for each substep. Hence, cryosiabilisators refer to freezing, lyostabiKsators to 
ation/drying and long tenn stabilisators to storage. See for instance Aiakawa et 
(Advanced Drug Delivery Reviews 46 (2001) 307-326). In the context of the 
invention the analogous categorization is used for bed-preserving agents. 



Compounds that assist in the reconstimdon of the dry solid phase material to the wet 
porous bed are called bed-reconstitution agents and are also bed-preserving agents. 



20 



A bed-preserving agent may be active in relation to at least one up to all of the steps; 
drying Rehydration, freezing, storage and reconstitution. The efficiency of a particular 
agent vill depend on the conditions for the particular step, solid phase material and/or 
immobilized reactant to be stabilized. 



25 



A bedrpreserving agent that Is useful in the present invention typically is hydrophilic 
in the sense that it is water-soluble. Many bed-preserving agents thus exhibit one or 
more lietcroatoms selected from oxygen, nitrogen and sulphur, typically with a ratio 
betwe^jn the total number of carbon atoms and the total number of oxygen, nitrogen 
30 and stilpur atoms which is 6^ such as S 4 or < 2. 



Typical bed-preserving agents may be found in the group consisting of compounds 
exhibiting a) carbohydrate structure which also includes sugar alcohol structure, b) 
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polyhydroxy structure (i.e. organic polyols v^diich also includes polyhydroxy Hwvjrifc. -^n Ktiseon 
polymers), c) amino acid srtructure including peptide structure and iminA acid 
structure, d) inorganic salts, e) organic salts in particular carboxylates, f) amine 
structure including amino acid structure and ammonium structure, h) etc* 

5 

Suitable compounds wiili carbohydrate structures may be found amongst sucrose, 
lactose, glucose, trehalose, maltose, isomaJtose, cellobiose, inositol, eOiylcne glycol, 
glycej d, sorbitol, xylitol, manniiol, polyethylene glycol possibly substituted in one or 
both cf its end, dextran, maltodextrin, monosaccharides, disacchaiidcs, 
1 0 polysaccharides including oligosaccharides etc. Compounds with carbohydrate 
struct jres are typically also polyols, ^ 

Suital le polyols may be found amongst polyhydroxy polymers, such as 
polysaccharides, polyvinylalcohol possibly partially substituted on its hydroxy groups 
stance with acetate or lower hydroxy alkyl groups (Cz^), poly (lower hydroxy 
6C2^) acrylate) polymers and corresponding poly methacrylate polymers etc, and 
monomeric compounds having two or more hydroxy groups. In a typical polyol each 
hydro: cy group is attached directly to an sp^-hybridised carbon. 

20 Suitable polymers are typically found amongst polymers that have a plurality of 
functional groups comprising a heteroatom selected jfrom oxygen and nitrogen. 
Relevant functional groups are -OCCHaCHiO)^- where n is > 2 such as > 5, amido 
such -CONH- or --CONHa where H may be replaced with a suitable hydrophilic 
organi : group, hydroxy (OH), ester (-COOR, where R is a suitable hydrophilic 
25 orgaui group), etc. Specific examples are polyethylene glycol, dextx^m and otiier 
polysascharides, polyvinylpyrrolidone, polypeptides, the poly acrylate and 
methacrylate polymers mentioned above, the polyvinyl alcohols mentioned above etc. 

In the bed-preserving candidates mentioned above the term polymer also includes 
30 copolyper in which the specific polymer structure mentioned is a part 



Bed~pi<eserving agents that are lyostabilisatore are believed to act during the 
drying/dehydration step by replacing water bound to the solid phase material to be 
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Stabilized. These bed-preserving agents thus primarily are foxmd among compounds 
liiai n lay parricipate in hydrogen bonding/coordination vvith the solid phase material. 
With ihe present knowledge the most typical candidates for lyostabilization are found 
amon gst polyols (including diols» triols etc), e.g. with a polymeric structure and/or 
5 carboj lydrate structure (oligomeric is included in polymeric). In the case the solid 
phase material comprises an immobilised reactaat, e,g, with peptide sttucturc, it is 
belicv Bd that the most efficient candidates have carbohy diate structure with 
preference for disaccharides and found amongst sucrose, lactose, ^ucose, trehalose, 
maltose, isomaltose, ccUobiose etc. 



3 
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10 



15 



Many times suitable bed-preserving agents, such as lyostabilisators and stabilisato^ 
for long term storage, may exist in a glassy state at an ordinary temperature. An 
ordinary temperature in this context means at least apart of the interval + 15-35*^C. 
Typically this means a glass transition temperature ^ + 25'*C or >: +30*C or > +35*C. 

The bed-preserving agents that are present in the dry state of a solid phase material are 
typically non-volatile. This does not exclude having volatile cryostabilisators included 
during lyophilization. 



20 Protectants (additives) 

Hie so lid phase material that is in a dry state may also contain one or more so-called 
protectants that inhibit undesired chemical reactions of the solid phase material and/or 
the immobilized reaptant. Suitable protectants are found amongst free radical 
scavengers, antioxidants, reducing agents etc. 

25 

Other additives 

The solid phase material in a dry state may also contain an appropriate buffer, such as 
a buffer with non-volatile buffering components, e.g. with at least one or two of the 
buffering components being aniom'c, such as in phosphate buffers, citrate buffers etc. 
30 Also otber buffers may be used. The buffering components typically provide an 
elevated buffer capacity within an appropriate pH interval of the range of pH 1-13 
with preference for the range 3-1 L For lyophiKzed solid phase materials, phosphate 
buffers, in particular with potassium as coimter-ion, are preferred. 
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Otheij additives sudi as one or more aniiaucrobial agents may also be included, eg- a 

bacte iostat, a bacteriocid, a virucid etc. 

5 A pes sible bulldng agent may also be included as an additive. The buUdng agent may 
have 1 )ed-pre5crving effects on the solid phase material as discussed above for bed 
presei ving agents in general. 

Microcavity adherence agents (a kind of bed-preserving agents) cause the solid phase 
1 0 material to be retained in a reaction microcaviqr and th^efore assist in restoring a dry 
state sblid phase material to a wet porous bed. This land of agents acts by causing"^ 
particles to adhere to each other and/or to the inner walls of a reaction microcavity, 
Microoavity adherence agents may be found amongst the bed-preserving candidates 
discus sed above, for instance amongst those tliat exhibit carbohydrate and/or 
15 polymeric structure* 

The various additives (bed preserving agents, buffer substances, protectants, bulldng 
agents 



20 



25 



etc) are typically present in the solid phase material that is in the dry state in an 
amount in the interval of O.OOl - 25 such as i 0,01% or 2: 0.1% and/or s; 10 % or ^ 
1 %. 1 hese intervals apply to each individual additive as well as to tlie total amount 
of additive with the proviso that the total amount should not exceed The upper limit of 
an interval. The determmation of optimd ranges of efGcient amounts and sufficient 
bed-preserving effects of individual bed-preserving agents needs experimental testing 
as discussed above. The %-figures refer to the weight of the additive(s) relative to the 
total wkght of solid phase material in the dry state. 

Additives (stabilisators, buffer substances, protectants^ antimicrobials and/or bulldng 
agents) are typically soluble in aqueous media so that they easily can be removed 
from the reconstituted porous bed, 



30 



reaction 



The 
the solid 



Reaction microcavity and the solid phase material 

microcavity is defined as the part of a microchannel sttucture in which 
phase is present. This means that for solid phases in the form of porous beds. 



1 
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the bed volxime and the reaction microcavity will coincide and have the same vcHuiSQelfoxen Kassan 
If the solid phase is the inner wall of amicroconduii, the reaction microcavity is 
defiiied as the volume between the most \q>stream and the most downstream end of 
the solid phase. 

5 

The reaction microcavity is typically a straight or bent microconduit that may or may 
not be continuously widening and/or narrowing. On the same device all reaction 
microcavities typically have essentially the same shape and/or size. In a microflmdic 
devicje that comprises reaction microcavities according to the invention that differ in 
1 0 shape and/or size, the reaction miciocavities/microchannel structures may be divided 
into groups where each group contains reaction microcavities that are not present in 
any o f the other groups. Each group may be placed in a subarea of the device that is 
separke from the subareas of other groups. 



1 5 The reaction microcavity has at least one cross-sectional dimension that is £ 1.000 
|im, s ich as < 500 ]xm or < 200 |4m (depth and/or width). The smallest cross-sectional 
dimension is typically > 5 |im such as S 25 urn or ^ 50 ^mi. The total volume of the 
reaction microcavity is typically in the nl-rangc, such as S 5,000 nl, such as 1,000 nl 
or :g 500 nl < 100 nl or ^ 50 nl or :g 25.nl. 



20 



mono] 



The porous bed is a) a population of porous or non-porous particles, or b) a porous 



ith. 



25 



A monolithic bed may be in the form of a porous membrane or a porous plug. 

The term '*porous particles" have the same meaning as in WO 0275312 (Gyros AB), 



Suitable particles are spherical or spheroid (beaded) or non-spherical. Suitable mean 
for particles used as solid phases are typically found in the Interval of l-l 00 
preference for mean diameters that are 2r 5 {jm, such as i 10 |im or ^ 15 
^ 50 Jim. Also smaller particles can be used, for instance with mean diameters 
■fio 0.1 fxm. The outlet of the reaction microcavity and the particles should match 



diameters 



with 



30 >im 
and/or 
down 
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each bther so that the particles can be retained in the reaction microcavity. Certain^*-''- ' ^'^^^"^^ 
kinds of particles, in particular particles of colloidal dimexision, may agglomerate. In 
these cases the size of the agglomerate should be in the intervals given even if the 
agglo merating particles as such are below. Sec for instance WO 0275312 (Gyros AB), 
5 Diam sters refer to the '•hydrodynamic" diameters. 

Panic Ics to be used may be monodisperse (monosiaed) or polydxsperse (polysized) in 
the sa cne meaning as in WO 02753 12 (Gyros AB). 

1 0 The solid phase material may or may not be transparent 

The b ise material of a solid phase may be made of inorgamc and/or organic material. 
Typical inorganic materials comprise glass and typical organic materials comprise 
organic polymers. Polymeric materials comprise inorganic polymers, such as glass, 

15 and oiganic polymers that may be of synthetic or biological origin (biopolymers). The 
term biopolymer includes .semi-synthetic polymers in which there is a polymer 
backb 5ne derived from a native biopolymer. Typical synthetic organic polymers are 
ctoss-Unked and are often obtained by the polymerisation of monomers comprising 
polymerisable carbon-carbon double bonds. Examples of suitable monomers are 

20 hydroxy alkyl acrylates and corresponding metbacrylates, acryl amides and 

methacrylamides, vinyl and styryl ethers, alkene substituted polyhydroxy polymers, 
siyrenk etc. Typical biopolymers may or may not be cross-linked. In most cases they 
exhibi : a carbohydrate strucmre> e.g. agarose, dextran, starch etc. 

25 The term ^^ydrophilic" in the comext of a porous bed contemplates ability to absorb 
Water when contacted with water. The expression also means that the inner surfaces of 
the bed that is in contact with water during the absorption shall expose a plurality of 
polar functional groups which each has aheteroatom selected amongst oxygen and 
nitrogen, for instance. Appropriate functional groups can be selected amongst 

30 hydroxy groups, ethylene oxide groups (-X-t-"CH2CH20-]„ where n is an integer > 1 
and X is nitrogen or oxygen), amino groups, amide groups, ester groups, carboxy 
groups sulphone groups etc, with preference for those groups that are essentially 
uncharged independent of pH, for instance within the interval of 2-12. For solid phase 



29-01-2004 n:29 



FRAN-GYROS AB 



2004 



+4618566350 



+48 18 566350 



GY0b68SE 



14 



0129 



T-025 P.0J9 F-406 

ink t.P.;tGn[-jQGhreg.verIvet 



matenals in particle fonn this meaps that at least the outer siir&ces of the particles 
have 1 :o exhibit polar functional groups- The hydrophilic functional groups may be 
preset it on or be a pare of so called extender anns (tentacles)* 

5 If the base material of a solid phase material is hydrophobic or not sufficiently 
hydrophilic, c.g- is based on a stsrenc (co)polymer, the surfaces that are to be in 
contact wiih an aqueous liquid may be hydrophilized. Typical protocols comprise 
coatir g with a compound or mixture of compounds exhibiting polar fimctional groups 
same type as discxissed above, treatment by an oxygen plasma etc. 



10 



15 



of the 



The solid phase material may be swellable or not swellable in water or other aqueous 
liquid media- Swellable materials are likely to be more prone to give problem related 
to (a) shrinkage, and inhomogeneous packing and/or through flow after rcconstitution 
and/o:: (b) escape of dry particles during storage and transportation. The term 
''swellable^' in this context means that an increase ux volume of the material (panicles 
as sue h or a monolith) can be detected or is > 10 or >: 75 % when tiKe material in the 
dry state (as defined above) is contacted with excess waten The temperamre referred 
to is typically +25**C, 



20 The silid phase material may be rigid or elastic. 

The solid phase material may or may not contain an immobilized reactant that is 
capab e of participating in an organic, an inorganic, a biochemical reaction etc, 
Depet ding on the circumstances and the kind of reactant and the solutes^ the 
25 interaction may be part of a separation process, a catalytic reaction, a solid phase 
synthesis etc. 

This reactant will now be illustmted with an affinity reactant that is an affinity 
counterpart (ACs) to a solute (S) and capable of fomung an afSnity complex (ACs-S) 
30 with t le solute. AfBnity bonds typically are based on: (a) electrostatic interactions, (b) 
hydro shobic interactions, (c) electron-donor acceptor interactions, and/or (d) 
bioaffinity binding. 
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10 



Bioatefinity binding typically is complex and comprises a combination of interactions. ' 
An h Eimobilized affinity counterpart (ACs) may thus: 

(a) be electrically cbargcd or chargeable^, i.8. contains positively charged nitrogen 

(j 5.g. primary, secondary^ tertiary or quaternary ammonium groups, and amidiniuni 
g roups) and/or negatively charged groaps (e.g* carboxylate groups, phosphate 
groups, phosphonate groups, sulphate groups and sulphonate groups); and/or 

(b) c Dmprise one or more hydrocarbyl groups and other hydrophobic groups; and/or 

(c) c jmprise one or more heteroatoms (0>S,N), possibly linked to hydrogen and/or 
s; sp^- and/or sp^-hybridised carbon, and^or 

(d) comprise a combination of features (a)-(c)- 

A bioaffinity reactant/ligand is a member of abioaffinity pair. Typical bioaflgnity 



pairs 



are a) antigen/hapten and an antibody, b) complementary nucleic acids, c) 



1 5 iromunoglobulin-binding protein and immunoglobulin (for instance IgG or an Fc-part 
thereLf and protein A or G), d) lectin and the corresponding carbohydrate, e) biotin 
and (sTrept)avidin, e) members of an enzymatic system (enzyme-substrate, enzyme- 
cofac tor, emqme-inhibitor etc), f) an IMAC group and an an>ino acid sequence 
contsimng histidyl and/or cysteinyl and/or phosphorylaied residues (i.e. an IMAC 

20 moti: ), etc. Antibody includes antigen binding j&agments and mimetics of antibodies- 
The temi "bioaffinity pair"' includes also afiEmiry pairs in which one or both of the 
members are synthetic, for instance niimicking one or both of the members of a native 
bioai fmily pair. The term IMAC stands for an immobilized metal chelate. 

25 The lerm "afHnity reactanf * also boLcludes a rcactant that is capable of reversible 
covaient binding, for instance by disulfide formation. This kind of rcactants typically 
exhil its a HS- or a -S-SOn- group (n = 0,1 or 2, free valences bind to carbon). See 
US 5.887,997 (Batista), US 4,175,073 (Axen et al), and 4,563,304 (Axen et al). 

30 The immobilized reactant/ligand (affimty reactant) may also be a catalytic system or a 
mem ler of a catalytic system, such as a catalyst, a cocataiyst, a cofactor, a substrate or 
cosubstrate, an inhibitor, a promoter etc. For enzymatic ^ems the corresponding 
members are en:^me, cocataiyst, cofactor, coen2yme, substrate, cosubstrate etc. The 
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^catalytic system" also inckides linked catalytic systems, for instance a scries oF 
systems in which the product of the first system is the substrate of the second catalytic 
system etc and whole biological cells or part of such cells, 

5 The i tmnobilized affinity reactant (ACs) should be selected to have the appropriate 
selec ivity and specificity for binding the solute to the solid phase material In relation 
to an intended application. General methods and criteria for the proper selection of 
afSnj ty reactants and reaction conditions are well known in the field. 

1 0 The i ffinity constant (Ks-ac =^ [S][AC J/[S-ACg]) for the formation of the complex 
comprising the immobilized affinity reactant (ACs) and the solute (S) is an important 
criterion for opthaizmg an application and varies depending on application. For 
affiniU assays the affinity constant is typically <: 10'^ mole/1 or ^ lO'^mole/L This 
kind of assays typically includes that title solute is reacted witih imrnobilized ACg 

15 under flow conditions and related to the amount of an analyte in an animal or 

biological sample (animal or biological sample include samples Irom mammals, such 
as human and other animal patients, and from experimental animals). This does not 
exclujde that affinity counterparts having weaker affinities may be used for this kind of 
samples, other samples and affinity assays, and other applications. Thus depending on 

20 application the af5finiTy constant may be relatively large, such as up to 10'^ mole/I or 



up to 



1 0"^ mo)e/l or up to 1 0"^ or up to J 0*^ mole/1, or relatively low, such as less than 



10''' mold or less tlian 10"'' mole/L 

The techniques for immobilization of a reactant/Iigand may be selected amongst 
25 techmques that are commonly known in the field- The linlcage to the solid phase 
matenal may thus be via covalcnt bonds, affinity bonds (for instance biospecific 
affini y bonds)* physical adsorption etc. 

Immobilization via affinity bonds may utilize an inamobilizing affmity pair in which 
30 one of the members (immobilized ligaud or L) is firmly attached to the solid phase 
mater|al, for instance covalently. The other member (immobilizing binder, B) of the 
pair is used as a conjugate (immobilizing conjugate) comprising binder B and the 
affinity counterpart ACs to the solute S. Examples of immobilizing afSnity pairs are 
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a) streptavidin/avidin/ neutravidin and a biotinylated reacTant (or vict versa), b) 
antibody and a haptcnylated reactant (or vice versa), c) an IMAC group and an amino 
acid sequence containing histidyl and/or cysteinyl and/or phosphorylai^ residues (Le. 
an IMAC motif) linked to a reactant, etc. 

5 

The tenn "conjugate" primarily refers to covaient conjugates, such as chemical 
conjugates and recombirtantly produced conjugates (where both the moieties have 
peptide structure). The term also includes so-called native conjugates* i.e. affinity 
reactants exhibiting two binding sites that are spaced apart from each other, with 
10 affinity directed towards two different molecular entities, for instance a native 
antibody that comprises species and class-^specific determinants on one side of ihe" 
molecule and aniigen/bapicn-binding sites on another side. 

It is believed thai it is advantageous that the immobili2ed ligand L has two or more 
15 binding sites for the immobilizing binder B, and/or the immobilizing binder B has 
one, two or more binding sites for the ligand L (or vice versa). 

Preferred immobilizing affinity pairs (L and B) typically have affinity constants (Kl-b 
~ CL][B]/[L-B]) that are at most equal to or 10 times or 1 0^ times or :^ 1 0^ times 
20 larger than the corresponding affinity constant for sireptavidin and biotin. This 

typically will mean affmity constants that roughly are ^ 10"^^ mole/I, < 10"^^ moie/1, < 
1 Q-^ ^ mole/1 and < 1 0"*° mole/1, respectively. The preference is to select L and B 
amongst biotin-binding compounds and streptavidin-binding compounds, 
respectively, or vice versa. 

25 

♦ - ! : " The affinity constants discussed above refer to values obtained by a biosensor (surface 

: plasmon resonance) firom Biacore (Uppsala* Sweden)^ i.e. with the affinity reactant 

(ACs and L) immobilized to a dextran-coated gold suifacc. 

r p • 

' ' 30 At least one of the members of an affinity pair, in particular a bioaffinity pair, to be 
'^l used in the present invention typically exhibits a structure selected amongst: a) amino 

" ^ : acid structure including peptide structure such as poly and oligopeptide structure, b) 

• : : : carbohydrate structure, c) nucleotide structure including nucleic acid structure, d) 
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lipid structure such as steroid structure, triglyceride structure etc* The term affinity 

pair in this context refers to the immobilizing afiBnity pair (L and B), the immobilized 

affinity reactant and the solute (AGs and S) and other afiEinity pairs that may be used, 

5 The solid phase material that is in a dry state may alternatively be in activated form. 
In other words ready for direct covalent immobilization by reaction with a functional 
group of a desired reactant. The functional group that can be used on the desired 
reactant is typically selected amongst elcctrophilic and nucleophilio groups and 
depends on whether or not the activated group is nucleophilic or electrophilic, 
10 respectively. Examples of fimctional groups that may be used are amino groups and 
other groups comprising substituted oruosubstitated carboxy groups (-CC5DH/- 
COO"X hydroxy groups, thiol groups, keto groups etc. 

Other features of the microfluidic device 

15 A microchannel structure of the microfluidic device may comprise one, two, tliree or 
more functional parts selected among: a) inlei airangcment comprising for instance an 
inlet port/inlet opening, possibly together with a volume-metering unit, b) 
microconduhs for liquid transport, c) reaction raicrocavity; d) mbdng microcavity; e) 
unit for separating particulate matters from liquids (may be present in the inlet 
20 arrangement), f) unit for separating dissolved or suspended components in the sample 
from each other, for instance by capillary electrophoresis, chromatography and the 
like; g) detection microcavity; h) waste conduit/microcavity; i) valve; j) vent to 
ambient atmosphere; etc. A functional pare may have more than functionality, e.g. 
reaction microcavity and a detection microcavity may coincide. Various kinds of 
25 flinctional units in microfluidic devices have been described by Gyros AB/Amersham 
Pharmacia Biotech AB: WO 9955827, WO 9958245, WO 02074438, WO 02753 12, 
* PCT/SE02/01 539, PCT/SE02/01701 and by Tecan/Gameia Biosciemces: WO 

..I.: 0187487, WO 0187486, WO 0079285. WO 0078455, WO 0069560, WO 9807019. 

W0 9S533U. 



30 



In advantageous forms a reaction miotocaviiy intended for a hydrophilic porous bed is 
connected to one or more inlet arrangements (upstream direction), each of which 
comprises an inlet port and at least one vohime>metering iinit In <Mie advantageous 
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variant, there is one separate inlet arrangement per microchannel stnict^e ar^|ij^.^^ Kasson 
reaction microcavity intended to contain the solid phase material. In another 
advantageous variant, the inlet arrangement is common to all or a subset of 
microchannel structures and reaction microcavity intended to contain the solid phase 
5 material ajtd comprises a common inlet port and a distribution manifold with one 
volume-metering unit for each microchannel structure/reaction microcavity of the 
subset. In both variants, each of the volume-metering uuits in mm is communicating 
with downstream parts of its microchannel stracture/reaction microcavity. 
MicroChannel structures linked together by a common inlet arrangement and/or 
1 0 common distribution manifold define a group of the microchannel structures of the 
device, ^ 



Typical inlet arrangements have been presented in WO 0274438 (Gyros AB), WO 
0275312 (Gyros AB), WO 0275775 (Gyros AB) and WO 0275776 (Gyros AB)- 

15 

The microfiuidic device may also comprise other common microchaonels/micro 
conduits connectmg different microchamiel stmctures. Common chaimels including 
their various parts such as inlet ports, outlet ports, vents, etc, are considered pan of 
each of the microchannel su-uctures they are communicating with, 

20 

Common microchannels make it possible to construe microfliddic devices in which 
the microchannel structures form networks. See for instance US 6,479,299 (Caliper). 

Each microchannel structure has at least one inlet opening for liquids and at least one 
25 outlet opening for excess of air (vents) and possibly also for liquids. 

The microfiuidic device may also comprise microchannel structures that have no 
reaction microcavity for retaining a solid phase material according to the invention. 

30 The microfludic device contmns a pluraliQr of microchannel stmctures/device 

intended to contain the solid phase according to the invention, Pluraliiy in tiMs context 
means two, three or more microchannel structures and typically is > 10, e.g, ^ 25 or >: 
90 or ^ 1 80 or >: 270 or > 360. As discussed above the microcaimel structures of a 
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device may be divided in groups, each of >which may for instance be defined by tlic 

size and/or shape of the reaction microcavity, by a common microchamel, such as a 

common inlet arrangement or manifold etc. The number of microchamiel stractures in 

a group is typically in the interval 1-99 %, such as 5-50 % or 5-25 % or 10-50%, of 

5 ihe total number of microchannel structures of the device. This typically means thai 

each group typically comprises from 3-15 or 3-25 or 3-50 microchannel structures. 

Each group may be located to a particular area of the device. 

Different principles may be utilized for transporting the liquid within the microfluidic 
10 device/microchannel structures between two or more of the functional parK described 
above. Inertia force may be used, for instance by spinning the disc as discussed iCtbe 
subsequent paragraph. Other forces are capillary forces, electrokineiic forces, non- 
electrokinetic forces such as capillary forces, hydrostatic pressure &tc. 

1 5 The microfluidic device typically is in the form of a disc. The preferred foraiats have 
an axis of symmetry (C^) that is perpendicular to the disc plane, where n is an integer 
S; 2, 3, 4 or 5, preferably <» (C«). In other words the disc may be rectangular, such as 
squaric, and other polygonal foims but is preferably circular. Once the proper disc 
format has been selected centrifugal force may be used for driving liquid flow. 

20 Spinning the device around a spin axis that typically is perpendicular or parallel to the 
disc plane may create the necessary centrifugal force. In the most obvious variants at 
the priority date, the spin axis coincides with the above-mentioned axis of syrranetry. 

For preferred centrifugal-based variants, each microchannel structure comprises one 
25 upstream section that is at a shorter radial distance than a downstream section relative 
- : - to a spin axis. The reaction microcavity intended for the porous bed is then at a radial 

: position intermediary to the two sections. 



30 



If centrifugal force is used for the formation and/or reconstitution of a particle bed 
and/or for driving liquid flow through tiie bed, the reaction microcavity is Typically 
oriented with the flow direolioa radially outwards from the spin axis. 
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The prefeixed devices are typically disc-shaped with sizes and forms similar to the 
conventional CD-fonnat» e.g. sizes that are in the interval firom 10% np to 300 % of 
the conventional CD-radii. The upper and/or lower sides of the disc may or may noi 
be planar, 

5 

Microchannels/microcavities of a microfluidic devices may be manufactured from an 
essentially planar substrate surface that exhibits the channels/cavities in uncovered 
form that in a subsequent step are covered by another essentially planar substrate (lid). 
See WO 91 16966 (Pharmacia Biotech AB) and WO 0154810 (Gyros AB), Both 
1 0 substrates are preferably fabricated from plastic material, e,g. plastic polymeric 
material. 

The fouiing activity and hydrophilicity of iimer surfaces should be balanced in 
relation to the application. See for instance WO 0147637 (Gyros AB). 

15 

The terms "wertable" (hydrophaic) and "non-wettable" (hydrophobic) contemplate 
that a surface has a water contact angle < 90° or ^ 90^, respectively. In order to 
facilitate efficient transport of a liquid between different functional parts, inner 
surfaces of the individual parts should primarily be wettablc, preferably with a contact 

20 angle < 60° such as < 50° or <: 40° or < 30° or :^ 20°. These weuability values apply 
for at least one, two, three or four of the inner side-walls of a microconduit* In case 
one or more of the side-walls have a higher water contact angle this can be 
compensated for by a lower water contact angle for the remaining side-wall(s). The 
wettability, in particular in inlet arrangements should be adapted such that an aqueous 

25 liquid will be able to fill up an intended microcavity by capillarity (self suction) once 
the liquid has started to enter the cavity. A hydrophilic iimer surface in a 
microchannel structure may comprise one or more local hydrophobic surface breaks 
in a hydrophilic inner side-wall, for instance for introducing a passive valve, an anti- 
wicking means, a vent solely function as a vent to ambient atmosphere etc. See for 

30 instance WO 9958245 (Gyros AB) and WO 0274438 (Gyros AB). 
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Contact angles refer to values at the temperature of use, typically +25**C, are static 
and can be measured by the meihod iUustrated in WO 0056808 (Gyros AB) and WO 
0147637 (Gyros AB)- 



5 Second aspect: Method itor the transformation op a i*]LUftAOTV of wet 

1>0)i0US BEDS TO A DRY/DEHYDRATED STATE THAT POSSIBLY IS RECONSTITUTED TO 
A PLURALITY OF WET POROUS BEDS . 

This aspect is a method as the defined in the heading of this section. The method is 
characterized in comprising the steps of: 
10 i) providing a microfiuidic device comprising a plurality of microchannel 
structures each of which comprises a reaction microcavity containing a 
hydrophilic porous bed saturated with a liquid containing a bed-preserving 
agent, 

ii) transforming the bed in each reaction microcavity to a solid phase material 
15 that is in a dry and/or dehydrated state, 

iii) possibly reconstituting the solid phase material obtained in step ii) to the wel 
porous beds of the microchannel structures. 

This aspect also concerns a method for reducing the inter-channel variation in a 
20 microfiuidic device with respect to perforaiance of reconstituted porous beds. 

The solid phase material may or may not exhibit a reactant that can interact with a 
solute. Various characteristics are discussed below and elsewhere in this specification^ 



25 Step (iii) is preferably carried our under flow conditions, for instemce with residence 
time and flow rates through the bed as discussed for the third aspect of the invention. 

Porous particle beds can be created by flowing a dispersion of particles through all or 
one or more subsets of the reaction microcavities of the microfiiidic device- The 
30 particles will then settle and form a porous bed at the outlet end of each microcavity. 
Bed formation may be facilitated by the use of gravity and/or the use of centrifugal 
force, the latter preferably acting along the flow direction of each reaction 
microcavity. The desired additives as discussed above are present in the liquid 
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dispersion and/ox Introduced by passing a liqvdd containing the additives through ^' ' ^ ^ ^ ^' 
bed after it has been formed. The microfiuidic device together with tlie beds, sawraicd 
with a liquid coniBining the additives is saved until transformation to the dry state. 

5 A porous monolithic bed is typically introduced during the manufacture of the device, 
for instance 

a) by polymerization, or 

b) by placing ready-made porous monoliths 

in each of at least a subset of the reaction miciocavities of the microfiuidic device. 

10 

Tn alternative a) the preferred variant is to carry out the polymerization with the 
reaction microcavity and the coixesponding microchannel structure in an enclosed 
form. In alternative b) the preferred variant is to insert the monolith while at least the 
reaction microcavity is uncovered. After introduction of the porous bed and if needed 
1 5 enclosing the microcavity, the beds are saturated with a solution comprising the 
additives discLissed above and saved until transformation to the dry state. 

Transformation of the beds to the dry state may be accomplished by removing the 
liquid under subatmospheric presstire, for instance below and/or above the freezing 

20 point of the liquid they arc saturated with. Removal under subatmospheric pressure 
and below Hie freezing point typically means lyophlizaiion (lyophilization). 
Alternatively liquid is removed from the scnled dispersion under ambient atmosphere 
with or without warming. In the case the device is intended for using centrifugal force 
for driving liquid flow so called spin-drying may be employed. See the experimental 

25 part. 

The reconstitution of the wet poroxis beds means that a reconstitutiqn liquid is allowed 
to flow through each of the reaction microcavities containing solid phase material in a 
dry state. See the experimental part. 

30 

An important tool for treating the solid phase material equal in several structures is to 
provide each microchannel strucwre with an inlet airangement thai in preferred 
variants is common to a ©roigj of microchannel structures/reaction microcavities as 
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discussed for the first aspect for parallel dispensation of solid phase matenal and 

reconstituting and conditioning of porous beds. In order to accomplish the best 

benefits of the invention it is thereby important to provide inner surfaces of at least the 

inlet arrangements, distribution manifold, and/or individual volume-metering units 

5 witli hydrophilic surface characteristics within the limits discussed elsewhere in this 

specification and the outlet of each volume-metering unit with a valve function that 

preferably is passive in the sense that it is without movable parts, for instance in the 

fom of a local hydrophobic surface break. 

10 Third aspect of the invention. The use of the device. 

The use of the innovative microfluidic devices comprises in general terms the steps 
of: 

(i) providing a microfluidic device according to the first aspect of the 
invention; 

15 (ii) reconstituting the solid phase material that is in the dry state to a wet 
porous bed in a predetennined number of the microchannel structures 
/reaction microcavities, preferably under flow conditions, 

(iii) providing a liquid containing a solute in a position that is upstream to said 
wet porous bed in one ox more of the microchamiel structures containing 

20 the wet porous bed, 

(iv) transporting the liquid through said wet bed in at least one of said one or 
more microchamiel structures. 

Step (iii) comprises that the solute is formed within the device/microchannel structure 
25 or is dispensed to the microchannncl structure. If applicable, formation is typically in 
a position upstream or within the bed. Dispensing is typically to a position upstream 
' - - ' the bed and via an inlet port. 



The transpon during step (iv) comprises that interaction between the immobilized 
30 affinity counterpart ACs and the solute S may take place under static or flow 

conditions, i.e. with or without transport of the solute by a liquid flow passing through 
the reaction microcavities. We have previously found that more information may be 
gained under flow conditions (WO 02753 12 (Gyros AB), for instance witin the flow 
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rate and/or residence time adjusted to give conditions such that the distribution of ^ ^ ' " ^ ' 
Bound solute in the solid phase leflect the actual reaction rate or affinity between 
an inmiobiUzed affinity reactant, typically AGs, and a solute, typically solute S, with a 
minimum of perturbation by diffusion (non-diffusion limiting conditions). This also 

5 applies to the present invention but does not exclude that for applications where the 
primaiy interest is the total amount of bound/captured solute, capturing under flow 
conditions utilizmg either diffusion limiting or non-diffusion limiting conditions can 
be used. The appropriate flow rate through the porous bed thus depends on a number 
of factors, e^g. the immobilized reaciant and the solute and their sizes, the volume of 

10 the reaction microcavity, the porous bed including the solid phase material etc. 
Typically the flow rate should give a residence lime of ^ 0,010 seconds such as 
0-050 sec or ^ 0,1 sec wife an upper limit that typically is below 2 hours such as 
below 1 hour, niustrative flow rates are within 0.01-1000 nl/sec, such as 0,01-100 
nl/sec and more typically 0.1 - 10 nl/scc. These flow rate intervals may be useful for 

15 bed volumes in the range of 1-200 nl, such as 1-50 nl or K25 nl. Residence time refers 
to the time it takes for a liquid aliquot to be in contact with the solid phase in the 
reaction microcavity. 

Steps (iii) and (Iv) 

20 These steps are performed in order to allow for an interaction between the solute and 
the porous bed to take place. As mentioned in the introductory part, the steps may be 
part of (a) separation method, and/or (b) a catalytic reaction, and/or (c) a solid phase 
synthesis. 

25 Separation comprises among others: 

i) capturing, ix, the porous bed exhibits an affinity structure (affinity ligand, affinity 
reactant) with binding ability for the solute such that when a liquid containing ihe 
solute passes through the bed then the liquid without solute or with a reduced 
amount of the soluie will appear as a eluate, and/or 
30 ii) size exclusion, i.e. the porous bed is more prone to retain smaller molecules 
compared to larger molecules, and/or 
iii) electrophoresis, i.e. the porous bed fimctions as anU-convection and/or anti- 
diffusion means, and/or 
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iv) immobilization of the solute on the solid phase material for later use of the ^y!d't:i--=r.n ICo 
' phase material so modified in capturing, catalytic reactions and solid phase 



5 For capturing (alternative i), the solute is adsorbed to the solid phase material and 
forms an immobilized affinity complex comprising the affinity structure and tlie 
solute. For many separation protocols a combination of capturing, size exclusion, 
electrophoresis etc is utilized. 

1 0 For immobilization (alternative iv), the starting solid phase exhibits an affinity 

structure (AGs = L') that is a coumerpan to a conjugate (B*-AC's S) which has wo 
kinds of binding sites: one (B^ directed towards the affinity structure (L*) on the solid 
phase and the other one towards a solute (S'). L'> B',S' and AG's then correspond to 
L, B, S and AGs and what has been swd in the context of the first aspect for L, B, S 

15 and AGs including affinity constants also applies here. 

The sepaxatioT) may be part of a purification or enrichment protocol for a solute that is 
present in the liquid. The solute that is separated from the liquid may be a 
contammani or the entity to be purified, enriched etc. The separation may also be part 
20 of a synthetic protocol, prepeffative protocol, a cell based assay, various kinds of 
affinity assays including nucleic acid assays, immunoassays, enzyme assays etc. 

An affinity assay utilizing a capturing step for binding a solute to a solid phase 
material typically contemplates characterization of a reaction variable involved in an 

25 affinity reaction of die assay. Reaction variables in tins context are roainly of two 
kinds 1) variables related to affinity leactants, and 2) reaction conditions. Variables 
related to affinity reactants have two main subgroups a) amounts including presence 
and/or absence, concentration, relative amounts, activity such as binding activity and 
en^rme activity, etc, and b) properties of affinity r^ctants including afHnily as such, 

30 e.g. affinity constants, specificities etc. See WO 0275312 (Gyros AB). The molecular 
entity for which a reacUon variable of type 1 is characterized is called an analyte. 



synthesis. 



.D ' +46 IB 566350 T-025 P.OSZ/OBB F-406 

29-01-2004 11:31 FRMI-GYROS AB ...locfi^orn i» 

+^^18566350 ink t. Parent- or:!: >>:.V3i1{el 

GY0068SE 27 -ji -Ql- 2 3 

SitS^c reactions in the context of the present invention comprises that the solid ^.j„..„ 
phase material exhibits one or more inmiobilized members (affinity sfructure, affinity 
Ugand. affinity rcactani) of die catalytic system utilized, while other members of the 
same system are solutes. Tlie catalytic reaction comprises fonnation of an affinity 
5 complex between the immobiUzed member (afBmty structure, affinity ligand, affinity 
reactant) and at least one of the solute members. At least one of the members 
corresponds to the substrate for the catalytic system. The reaction results in a product 
that typically has a different chemical composition and/or structure compared to ihe 
substrate. The product may or may not become immobUizcd to the bed during the 
10 reaction. ^ 

The tenn "catalytic system" includes single catalytic system and more complex 
variants comprising a series of linked single enzyme systems, whole cells, cell paits 
exhibiting enzymatic activity etc The bed may function as a catalytic reactor, such as 
IS an enzyme reactor. 

The step during which interaction widi the solute occurs may be part of a catalytic 
assay, such as an enzyme assay, for characterizing one or more members of the 
catalytic system or other reaction variable (e.g. reaction condition). The assay may be 
20 for determining the activity of a particular catalyst, substrate, co-substrate, cofector, 
co-catalyst etc in a liquid sample. Tlie molecular emily/entities coiresponding to the 
activity to be determined is/are called analyic/analytes. See for instance SB 0201310 
(Gyros AB). 

25 In the context of assays. the term analyte includes the entity to be characterized in an 
original sample as well as analyte-derivcd entities formed during the assay and bemg 
related quantitatively and the analyte in the otiginal sample. The solute discussed 
- . above may be the original analyte or an analyie-derivedentiQr. 



30 Solid phase synthesis includes for instance polymer synthesis, such as oligopeptide 
and oligonucleotide synthesis and synthesis of other small molecules on a solid phase 
material. The hnmobilized reactant in used in polymer synthesis, for instance, may 
exhibit the structure of the corresponding monomer, such as nucleotide, carbohydrate. 
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amino acid Structure, and mimetics of these stniotnres. Synihcsis of libranes of 

imwiobilteed members of combinatorial libraries is also incliided. Such memb<»s have 

relatively low molecular wci^is (c,g. < 10,000 dalton including a possible spacer to a 

polymeric backbone). 

5 

A MICaOFI-UIDIC UBVICE COMPRlSlMe SEQMraTED POROTO BEDS ("ICHB FOURTO 

aspect) 

A separate innovative aspect (4* aspect) is a microfliudlc device that comprises one, 
two or more microchannel structures, each of which comprises a reaction microcavity 
1 0 in which a solid phase material in the form of a wet porons bed is retained, A reactant 
is exposed in immobilized form on the solid phase material and capable of interacting 
witihi a solute (S) in a liquid passing through the bed. 

During experiments with different kinds of samples when carrying out experiments as 
15 outlined in this specification and in WO 027S312 (Gyros AB) applicant has found that 
samples many times may contain disturbing substances that are capable of negatively 
affecting results related to desired reactions between an immobilized reactant and a 
solute. These substances may be low molecular compounds, aggregates and/or 
particulate material. For biologically derived samples particulate material may be cell 
20 debris and the like, lipids etc. The problem encountered may be linked to the type of 
solute that is to react with the immobilized reactant, thus for instance membrane 
associated biological molecules typically are accompanied by relatively large amounts 
of particulate material, solutes and the like that are difficult to handle in a microfluidic 
device, for instance in cell lysate preparations and other samples deriving from cells, 
25 tissue and body flnids. 



One of ttie present inventors has realized that these problems many times can be 
wholly or paxtialiy overcome by designing die porous bed to have an upstream part 
that is not exposing the immobilized reactant to a through-passing liquid containing 
30 the solut (dummy or blank part in relation to solute (S). This inventor has also realized 
^t by properly selecting the solid phase material in the upper part it will be possible 
to delay disturbing particulate material and/or disturbing low molecular weighs solutes 
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to enter downstream into the miciochannel structure where the desired reaction Is to 

take place. 



Other kinds of segmented porous beds in microfluidic devices have previously beeaa 
5 suggested for other puiposcs. See US 6,632,655 (Caliper). 

The characteristic feature of the 4* aspect is thus that the porous bed comprises a 
downstream pan and an upstream part abutting the downstream part, possibly with a 
porous membrane between the parts securing physical separation of Ihe material of 
10 one pait from the material of the oiher part* The immobilized reaccant is then ^ 
primarily exposed in the downstream part. 

According to this aspect the solid phase material in both parts may be in wet or in dry 
state as discussed for the 1®^ 2**^ and 3'^ a^ects. The solid phase material may or may 
1 5 not contain a bed*preserving agent of the kind discussed for ttie same aspects. 



This 4^^^ aspect also comprises the use as defined for the 3'^ aspect with the proviso 
that the microfluidic device provided m stqp (i) is accordmg to this fourth aspect, and 
step (ii) is only needed in the case the solid phase material is in dry state. 

20 

The solid phase material in the upstream and ifae downstream part may be of the same 
or different kind. Thus the downstream part may be a porous monolithic plug and the 
upstream part a packed bed of particles, or the other way round, or both parts may be 
porous monolidis or porous beds of packed panicles. The solid phase material in the 
25 two parts may also differ with respect to one or more of base material, particle size 
(and panicle size distribution), porosity, coatings, hydrophilicity/hydrophobicity, 
swellability, elasticity, rigidity etc. Typically these features are selected as genc»:ally 
. outlined for tlie 1^ 2"*^ and 3"^ aspects. 



30 



The upstream pan of ihe porous bed typically acts as a filter for mechanically 
preventing paniculate material in a sample from penetrating the downstream part in 
which the intended reaction is to take place. 
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The solid phase material is preferably a size exclusion material because this kind of 

media with title appropriate size exclusion at least potentially will render it difficult or 

even prevent a solute having a smaller size than 

a) the solute S that is to reacr wifh the immobilized reactanl^ and/or 

5 b) other reactants that are needed for desired reactions downstream the upper part 

of the porous bed 

from penetrating the lower parr of the porous bed. Preferred size exclusion material or 
media are liquid chromatography size exclusion material including in particular gel 
filtration materila. In this context "a smaller size" typically refers to a lower molecular 
1 0 weight and/or a smaller hydrodynamic size. Low molecular weight solutes may be^ 
found amongst solutes having molecular weights < 100,000 dalton, such as < 50.000 
dalton or < 10,000 dalton or < 7,000 dalton and are ultimately determined relative to 
the molecular weight and/or size of the solute(s) that one wants to pass through the 
upstream part. 

15 

It is believed that proper size exlusion media are selected amongst this kind of media 
that have Kav-values < 0.5, such as < 0.4 or < 0.1» for solutes that are to pass through 
the Upstream part of the porous bed and used as reactante downstream this part. More 
pardcularly suitable size exclusion media should have a Kav-value within the range of 
20 0. 1-0.95, typically within 0.40-0,95, for those solutes ihat are to be prevented from 
reaching the downstream part of the porous bed. For a definition of Kav see L. Hagel 
in "Protein Purification, Principles, High Resolution, and Applications", J-C Janson 
and L Ryden (Eds). VCH Publishers Inc. New York, 1989, p. 99, 

25 Typical size exlusion media comprise particles than may be packed to a porous bed. 
Size exlusion media may also be in the form of monolithic porous plugs comprising 
through-passing pores in which convcctivc mass transport can take place and other 
smaller pores in which primarily mass transport by diffusion takes place. See for 
instance WO9839094 (Phaimacia Biotech AB). 

30 

The immobilized reactant is typically selected amongst the same kinds of immobilized 
reactants as discussed for Ae l^^^ 2"^ and 3^^ aspects of the invention. Thus the reactant 
in the most typically embodiments of the invention is an affinity reactant (AGs) that is 
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an affinity counterpart (AQ) to tJie solute (S). Other reactants are also selected 

according to the outlining for these aspects. 

The solid phase material in the upstream part may also expose an immobilized 
5 reactant which typically binds to a different solute compared to the immobilized 
reactant in the downstream part. The immobilized reactant, if present, in the upstream 
part may be selected amongst the same groups as the reactant in the downstream part 
except that it has essentially no binding to the solute S when attached to the solid 
phase material. 

10 

Other embodiments given for the 1^ 2"** and 3'** aspects are typically also applicable 
to the 4**^ aspect. 

Best MODE 

15 The best mode of the 1", 2"** and 3"^ aspects of the invention at the filing of this 
application is given in the eTqperimental part and encompasses tixe solid phase 
materials shown, trehalose as bed-preseiving agent, potassium phosphate as ad&tional 
additive Gauffer), and a microfluidic device with the microchamiel structures given in 
figure 1. 

20 

The best mode of the 4* aspect is giv« in the eKperimental pan, 

EXPERIMENTAL FART 

FIGURES 

25 Figure 1 gives a subgroup of microchamiel stmctures of the microfluidic device 
..'r utilized in the experimental part. 

: Figures 2a and b show a swellable solid phase material in particle form (Superdex 

' [ / Peptide. Amersham Bioscimces, Uppsala, Sweden) placed in a reaction 

microcavity (104a-h). In figure 2a the particles have been lyophilized and 
30 lumped togetiier scattered randomly in the reaction microcavity. No packed 

" ; : : ■ bed is at hand. In figure 2b the solid phase material has been reconstituted to 

• well^rdered a porous bed. 
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Figures shows monodisperseesscnlidlynon-sweU^ " * ' "'^ 

packed to a porous bed after lyophUisaiioti in a reaction microcavity (104a- 
h). The bed looked esgentially the same after reconstitution (not shown) and 
therefore no figure has heen included. 

5 Figures 4a and b show the effect of drying (lyophilization) together with potassium 
phosphate buffer on the performance of a packed bed of particles to which 
streptavidin had been immobilized. Fluorescence intensity in ladial direction 
through the bed is givwn- Storage for one month at +4**C The effect is 
measured in a fluorescence myoglobin immunoassay at four different 

10 myoglobin concentrations and compared with the perfonnance of a bed of 

the same material that has not been dried (lyophilized) (slurry). The 
myoglobin concentrations were 4,56 uM (1), 22.8 mM (2), 91,2 (3) and 
273 .6 (4). Figure 4a lyophilization and storage together with potassium 
phosphate. Figure 4b without lyophilization. 

15 Figures 5a-d show the effect of three different drying procedures with a bed- 
preserving agent (sugar variant, trehalose) on the perfonnance of a packed 
bed of particles to which streptavidin is covalently coupled. Storage and 
measurement is the same as for figures 4a-b. Figure 5a is without drying 
(sluny), figure Sb spin-drying, figure 5c is vacuum-dried, and figure 5d 

20 lyophilization. 

Figure 6. Integrated signals are shown for three antibody pairs with the different 
porous beds. In each group the left column represents the non-segmented 
bed. The middle and right column represent alternative (a) and (b) , the 
middle column die alternative (a) The bars represent the total integrated 

25 signals from undiluted stimulated cell lysate prepared in triplicates. The 

segmented bed with the Superdex™ peptide revealed increased signals &r 
* ^ all three antibody combinations. 



30 The microfluidic device used for the experiments was curcular and of the same 
dimension as a conventional CD (compact disc). The microflttidic device will be 
called CD in the experimental part The CD contained 14 groups of 8 microchannel 
structures arranged s an annular zone around the center (spin axis) of the disc with a 
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coiximon waste channel for each group close to the peripheiy, A group of 8 Huvu^'r;^ . j 
tnicrochannel structures is shown in figure 1 and is similar to and function in the 
same manner as the group of microchannel structures illustrated in figures 1-2 of (WO 
0275312, Gyros AB) and the corresponding figures in PCT/SB02/01678 (Gyros AB) 
5 and PCT/SE02/01701 (Gyros AB)* The dimensions are essentially of the same size as 
in these earlier patent applications. 

Each subset (100) comprises 8 microchannel structures (lOla-h), one common inlet 
arrangement (102) and eight separate uilet arrangements (103a-h)» and eight reaction 

10 microcavities (104a-h)* The common inlet arrangement comprises a) two inlet ports 
(105a-b) that also will function as outlet port for excess liquid, and b) one volume- 
metering unit (106a-h) for each microchannel structure (lOla-h). The volume* 
metering units (106a-h) will fimction as a distribution manifold for the downstream 
pans of the microchannel structures. Each of the separate inlet arrangements (l03a-h) 

15 is part of only one microchannel structure and comprises an inlet port (107a-h) and a 
volume-metering unit (108a-h), Between each volume-metering unit (106a-h, 108a-* 
h) and their downstream parts, respectively, there is a valve function (109a-h» llOa^ 
h), preferably passive, A reaction macrocavity (104a-h) of a tnicrochannel structure 
(lOla-h) is located downstream both the common inlet anangement (102) and the 

20 separate inlet arrangement (I03a-h) of a microchannel structure (101 a-h). At the 
outlet end (llla-h) of each reaction microcavity, the depth is lowered from 100 \xm to 
1 0 l^m in two steps to prevent particles from escaping the reaction microcavity . At 
the periphery there is a common waste channel (112). Vents (113a-i) together with the 
valves (109a-h) define the voltune of the liquid aliquots to be distributed downstream 

25 from each the volume-metering unit (106a-h). 

. By applying the appropriate volttme of aqueous liquid to the inlet pon of an inlet 

arrangement, capillarity will fill the volume-metering umi(5) connected to the inlet 
. [ : port with liquid. By splnnmg the disc around its center, liquid can be forced to pass 

30 the valve between a volume-metering unit and downstream parts, 

BXPERXME^TAJLS 
Instrumentation 



29-01-2004 11:32 FRAN-GYROS AB +45 18 566350 T-02S P. 038/088 F-406 

+4618566350 Ink. t ooh rrrre:":t 

GY 0068SE 34 ^ 

2004-0129 K . . r .. r.-, 

The immunoassay was performed in an automated system. The system (Gyro]ab 

Workstation, prototype 2 instrument equipped witli a Laser Induced Fluorescence 

(LIF) module, Gyros AB, Uppsala, Sweden) was equipped with a CD-spiimer, holder 

for miciotiter plates (MTP) and a robotic ami with a holder for 10 capillaries 

S connected to 5 syrmge pumps» 2 and 2. Two of the capillaries transferred all the 

reagents and buffers fiom a MTP to cither of the two common inlet ports (105a-b) in 

tbe CD, The otfier eight capillaries transferred individual samples from a MTP to the 

separate individual inlet pons (107a-h) in the CD. 



1 0 The Gyrolab Workstation is a fiiUy automated robotic system controlled by _ 
application^specific software. An application specific method within the software - 
controls the spinning of the CD at tbe precisely controlled speeds and thereby controls 
fho movement of liquids through the microstnictures as the application proceeds. 
Special software was included in ordca: to reduce background noise. 

15 

See also WO 020753 12 (Gyros AB), PCT/SE02/01678 and US 10/062,258 (Gyros 
AB), andPCT/SE02/02455 and 10/331,399 (Gyros AB) and also www.gyros.com. 

Solid phase, immobilization of streptavidin, packings drying/dehydration and 
20 reconstitution 

The solid phase bead material packed in the microstnictures of the microfiuidlc device 
could be of either a porous ox solid nature. For example polj^tyrene particles (IS 
ram, Dynal Biotech, Oslo, Norway) were selected for the solid phase. The beads were 
modified by passive adsoxption of phenyl-dextran CPhe-Dex) to create a hydrophilic 

25 surface and were subsequently covalently coupled with streptavidin (hnmunopure 
Streptavidin, Pierce, Perbio Science UK Limited, Cheshire, United Kingdom) using 
CDAP chemistry (Kohn & Wilchck, Biochem. Biophys. Res, Commun. 107 (1982), 
878-884). Other particles as Sttpeidcx Peptide and Sepharose HP (Amersham 
Biosciences, Uppsala, Sweden) have also been covalently coupled with streptavidin 

30 using CDAP chemistry (without phenyl-dextran coating), Streptavidin-biotin is a 
well-known bioaffinity pair. Tlie polystyrene particles are solid and non-swellable. 
Superdex Peptide and Sepharose HP are porous for many affinity reactsmts and 
swellable in the liquids used* 
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After coupling with dte streptavidin, a suspension of the particles in potassium 
phosphate buffer (lOmM) without bed-preservmg agent or with bcd-prcserving agent 
(in this case a sugar additive (10-100 mM)) was distributed in the common 
5 distribution channel via inlet port (105a-b) and moved through the smicture by 
centrifugal force. The centrifugal force combined with the vents (109a-h,113a-i) 
divide the suspension in the common mlet arrangement (102) in equal portions, each 
of which fonns a bed of packed particles (column) in each reaction microcavity 
(104a-h) against the dual depth (llla^-h). The approximate volume of the column was 
10- 15 nl. The columns/beds were dried/dehydrated fay three various methods: 

Spin-drvin^ : The microfluidic device comaining the wet porous beds was spun for one 
minute at 6000 ipm to remove as much of tiae fluid as possible before the device was 
put into a jewel case and sealed in a polymer-coated aluminum bag. 
Vacuum-drving : The microfluidic device containing the wet porous beds was placed 
15 on trays and put into a vacuum drying oven (Heraeus vacutherm VT6060M). The 
temperature was set to 25 and the pressure was reduced by vacuum to 0, 1 
millibars. The device was maintained at this pressure and temperature for half an 
hours, until the product was dried. The pressure was then allowed to reach 
atmospheric pressure. The device was then placed into a jewel case and sealed in a 
20 polymer-coated alummum bag. 

Freeze-dr vim (IvohiUzaiion) : The microfluidic device containing the wet porous beds 
were placed on a tray and put into a -80 '^C freezer. (The device could also be placed 
in an ordinary -20 °C freezer for an hour,) After a few minutes all columns in the 
device were freczed and the trays where transferred to a fireeze-dryer apparatus (Hero, 
25 LyoPro 3000) in which the condenser temperature was set to -57 °C. The pressure 
..:r was reduced (by vacuum) to 0.1-0.06 millibars. The device was maintained at this 

: ^ pressure and temperature until all of the ice had sublimed (about 12 hours or over 

* ^ " night). The pressure was then allowed to reach atmospheric pressure during 2 minutes 

' - ^ • ] before the chamber was opened and the lyophilized product was provided in the 

' * 30 device. The device was put into a jewel case and sealed in a in a polymer-coated 
" * * * ' aluminum bag. 
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The devices were stored for one month at +4°C after which the dry columns were 

rewetted/reconstituted once with 15 mM phosphate buffer (PBS), pH 7,4 containing 

0,15 M NaCl, 0,02% NaN^ and 0,01% Tween 20 via the common distribution channel 

and spinning at the appropriate rate. Every addition of solution delivers 200 nl liquid 

5 to the individual column (104a*h). Finally the function of the reconsiitured beds was 

tested in the immunoassay given below at four different analyte (myoglobin) 

concentrations and compared with the corresponding beds that had not been 

dried/dehydrated. The results are presented in figures 4-5 and show that it is 

imperative to include a bed-preserving agent in order to reconstitute the 

10 dry/dehydrated solid phase material to an efficient wet porous bed. 

Immunoassay 

The catching antibody in our myoglobin assay, the monoclonal antimyoglobin 8El LI 
(LabAS, Tanu, Estonia) was biotinylated using Sulfo-NHS-LC-biotin (Pierce, prod # 
15 21335, Perbio Science UK Limited, Cheshire, United Kingdom), The protein 
concentration of the monoclonal antimyoglobm 8E1L1 was 1-10 mg/ml and it was 
mcubaied in room Temperature for 1 h with 3x molar excess of the biotinylation 
reagent in 15 mM PBS with 0,15 MNaCl before it was gel filtrated through either a 
NAP-5 column (Amersham Biosciences, Uppsala, Sweden) or a Protein Desalting 
20 Spin Column (Pierce, # 89849-P, Perbio Science UK Limited, Cheshire, United 
Kingdom). 

To load the streptavidin immobilized particles with the biotmylated antibody, a 
solution at a 0,2-2 mg/ml concentration (depending of how much streptavidin it is in 
25 the packed colunrm) of antibody was distributed in the common distribution channel 
via inlet port (105a-b) and moved through the structure by centrifugal force. The flow 
Tate through the columns was controlled by the spin velocity (spin flow 1). After the 
capturing antibody was attached to the columns they were washed once by addition of 
PBS (wim 0,01% Tween 20) to the conmion distribution channel (inlet ports lOSa or 
30 b) followed by a spin step. 

To demonstrate the myoglobin assay in Gyrolab Workstation a 6-point standard curve 
was created. The myoglobin samples (diluted in PBS with 1% BSA) with 
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concentrations in tiie xan^ of 0-274 nM where distributed to die individual inlet ports 
(107a-h} by the capinaries. The sample volume 200 lil was defined into the volume- 
metering unit (lOSa-h). daring die firet two steps in i^in flow mcdiod. To reach 
fevourable Idnetic condition under the capturing step (for myoglobin to bind to 

5 8E11.1) Ihe flow rate of the sample should not exceed I nl/scc. The sample flow rate 
was controlled by spin flow 2. After sample capturing the columns was washed twice 
by addition PBS (with 0,0 1% Tween 20) to the common distribution channel (inlet 
port 105a or b) followed by a ^in step. Detecting antibodies (monoclonal 
antimyoglobin 2F9. 1 (LabAs, Tartu, Estonia)) in excess were applied next via the 

10 common distribution channel (inlet port 105a or b) and a similar slow flow rate (^in 
flow 3) was used. The detecting antibodies were labeled with a fluoiophore Alexa 633 
(Molecular Probes, Eugene, USA). Excess of labeled antibody was washed away by 4 
additions of PBS (with 0,01% Tween 20) to the common disnibuiion channel (inlet 
port 105a or b) followed by a spin step. 

15 

Hic complete assay was analyzed in the Laser Induced Fluorescence (LIF) detector 
module. See mote WO 02075312 (Gyros ABX PCT/SE02/0167S and US 10/062,258 
(Gyros AB). and PCT/SE02/02455 and 10/33 1,399 (Gyros AB). 

20 An ovacview of the run method performed in the system is presented in Table I. 



Tablel 





METHOD 


SPIN PROFILE 




Rewettjjag of bead coliunns 




• 


Spinl 


2500 ipm 5s, 6000 ipxn IDs 




Wash of beads 






Spin2 


1200 rpm 2s, 2500 rpm 0,5s, 4000 rpm 






10s, 6500 ipm I6s 




Transfer of biotinylated antibody 






Spin flow 1 


1200 ipm 2$, 2500 ipm 0,5s, from 1200- 
1500 ipm 45s, 2000 ipm 35s, 3000 rpm 
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30s, 4000 xpra 10s, 5000 rpm 5s, 6000 
rpm 10s 


Wash of beads and CD-stnictare 1 




Spins 


1200 rpm 2s, 2500 rpm Is, 4000 rpm 15s, 
6000 rpm 18s 


Transfer of myoglobin samples 




Spin flow 2 


1000 rpm 5s. 2500 ipm 0,58, from 1200- 
1500 rpm 90s, 2000 ipm 70s, 3000 ipm 
60s, 4000 Tpm 20$, 5000 cpm 10s 


Myoglobin wash 1 




Spin 4 


1200 Ipm 2s, 2500 ipm 0,5s, 4000 ipm 
10s, 6000 rpm 16s 


Myoglobin wash 2 




Spin 5 


1200 rpm 2s, 2500 rpm 0,5s, 4000 rpm 

10s, 6000 rpm 16s 


Transfer of conjugate 




Spin flow 3 


1200 rpm 2s, 2500 rpm 0,5s, ftom 1200- 
1500 rpm 90s, 2000 ipm 70s, 3000 ipm 
60s, 4000 rpm 20s, 5000 rpm lOs 


Conjugate wash 1 




Spin 6 


1200 ipm 2s, 2500 ipm 0,5s, 4000 rpm 
10s, 6000 rpm 16s 


Conjugate wash 2 




Spin? 


1200 rpm 2s, 2500 rpm 0,5s, 4000 ipm 
10s, 6000 rpm 1 6s 


Conjugate wash 3 




Spin 8 


1200 ipm 2s, 2500 tpm 0,5s, 4000 tpm 

10s, 6000 ipm 16s 


Conjugate wash 4 




Spin 9 


1200 rpm 2s, 2500 ipm 0,5s, 4000 rpm 

10s, 6000 rpm 1 6s 


Detection 
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Drying and reconstimtion 

COMPABISON BETWEEN SEGMENTED POROUS BEDS AMD NON-SEGMENTED POROUS 
5 BEDS 

This example is part of an investigauon in which PDGF P-receptor in cell lysates 
from porcine aorta endothelial (PAE) cells stably expressing the membrane bound 
PDGF P-receptor and stimulated with +/- ligand PDGF-BB was assayed. The 
assaying method was a sandwich immunoassay utilizing one antibody raised against 

10 the target protdn and anoiher antibody raised against one regulatory phosphorylated 
aminoacid or site. The sandwich immunoassay uiiUzed the same snreptavidin- 
phenyldextran coated solid phase as for assaying myoglobin above. The capture 
antibody was biotinylated by the same method as the capture anti-myoglogin antibody 
above. The detection antibody was labelledwilfa Alexa647 detection reagent by the 

15 same methodology as the detection anti-myoglobin antibody above. 

The assay was performed in the same kind of microchannel stnicture/raicrofluidic 
device/instrummt as the myoglobin assay. 

20 Cell culture 

The cell lysate preparations derived from porcine aorta oido&elial (PAE) cells stably 
racpressing the PDGF p-rec^tor. The PAE cells were transfected widi PDGF p- 
receptor and one of the cell cultures were also G-418 selected [Claesson-Welsh, L. et 
aL cDNA cloning and expression of a human platelet-derived growth factor receptor 

25 spec\fic for B-chain containing PDGF molecules. Mol. Cell. Biol. 8 (1988) 3476- 
3486]. PAE cells were grown in Ham's F-12 medium supplemwited witii 10% fetal 
calf serum, 100 |xg/ml stteptomyda and the amino acid glutamine. A nearly confluent 
monolayer of cells were starved overnight in Ham's F-12 supplemented with 0.1 
mg/ml bovine saimi albumin (BSA) and +/- stimulated with 100 ng/ml PDGF-BB for 

30 60 minutes on a shake plater. Unstimulated cells are used as a control since they have 
no activated PDGF p-recqptors, only ui^hoq>horylated PDGF p-receptors. The 
receptors are acti^rated and saturated wi& hi^ concentraiion of ligand inhibiting 
intemalisation followed degradation dating die stimulation. After tiie stimulation. 



GY0068SE 40 Kgwcrj, -..-. • 

2004-0129 

cells were washed two limes in ice-cold PBS buffer and scraped off with a "rubber 
police men" in 1 ml PBS. The cell suspension were saved and lysed in 200 nl ice-cold 
lysis buffer (20 niM Tris-HCl pH 7.5, 150 mM NaCl, 10 mM EDTA, 0.5% Triton X- 
100, 0.5% Deoxycholate, 0.5 mMNa3V04 and 1% Trasylol from Bayer) for 15 min 

5 on ice. The lysates were centrifuged at 13000 rpm for 15 min at 4"C and the 
supernatant were saved in aliquots and stored at -20''C. The cell lysate pn^aration 
was done twice and the first time the cells were grown in 75 cm* culture dishes and 
the second time they were ^own in 175 cm* culture flasks in order to make more 
concentrated lysates. The quantitation of total protein was done according to BCA 

10 Protein Assay B^t Microplate procedure from PffiRCE Biotechnology (Boule Nordic 
AB, Huddinge, S.) and this Protein assay is based on bicincSioninic add (BCA). 

PDGF /^receptor antibodies 

The rabbit polyclonal antibody 958 directed against a recombinoit protein 
15 corresponding to amino acids 958-1106 of the carboxy temiinus of bumsoi PDGF p- 
receptor, the goat polyclonal antibody P-20, raised against a peptide of the carboxy 
terminal of human PDGF p-receptor, and the mouse monoclonal PY99 were all from 
Santa Cruz Biotechnologies (Santa Cruz, CA). The PDGF p-receptor antibodies P-20 
and 958 are recommended for the detection of PDGF receptor type p of human and, to 
20 a lesser extent, mouse and rat origin by western blotting, iromunoprecipitation and 
iramunohistochemistry and should not be cross reactive with PDGF receptor type a. 
The antibodies have been used extensively in immuuoprecipitaion and Wesrem Blot 
experiments with the same cell culture, one example described in reference tPietras 
K., et al. Inhibition of PDGF Receptor Signaling in Tumor Stroma Enhances 
-:- 25 Antitumor Effect of Chemotherapy. Cancer Research 62 (2002) 5476-548). 

* « - 

' : ' - : Sandwich'based immunoassay methods 

^ :* : In the cell lysate assay, wash buffers and antibodies were distributed throu^i the 

• common distribution channel and cell lysate preparations were distributed through the 

' 30 individual inlet. Every batch run included standards in triplicates and blank samples; 

The cell lysate assay included a small dilution serie (+/- PDGF-BB) and several 
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blanks with lysis buffer. All steps in the assay were automatically run in the Gyrolab 
Workstation, 



In the cell lysate assay several different combinations of the three antibodies were 
5 tested in order to find out what antibody pair that gives the highest degree of specific 
binding, 958/PY99. 958/P-20. P-20/P-20, P-.20/9S8 and P.20/PY99 
(capturmg/detecting). 

By titration of the detection antibody it was determined that the concentration of the 
10 detection antibody should be 400 nM. ^ 

The p-PAE cell lysate with +/- PDGF-BB stunulation was diluted in lysis buffer (2 
4 X, 8 X) and undiluted cell lysate was also included as a standard point 

15 Immobilization of capture antibody: The porous beds were washed twice with wash 
buffer PBS'T (0,015 M Na-P04 pH 7.4, 0.15 M NaCl, 0,01% NaN^, 0.01% Tween- 
20) in order to recondition the streptavidJn-coaied particles followed by a short spm. 
The second step was addition of biotmylated capture antibody at a concentration of 
667 nM followed by a spin and through the streptavidin-biotin interaction the capture 

20 antfljody was bound to the solid phase. The capture antibody vras diluted in wash 
buffer described above. After tiie inunobilisaiion of capture antibody, two wash steps 
were performed with wash buffer and the same short spin as the previous wash steps. 

Basic assay protocol: The cell lysate samples were added to die individual inlet in the 
25 microstructures. The subsequent spin made volume definition possible and 200 nl 
aliquots of sample were run into the porous beds, allowmg capture antibody to 
interact with PDGF P-receptor molecules (analyte). Two wash steps were performed 
and the latter followed by a very short spin to ensure that the beds were filled with 
liquid during the fluorescence detection. The background fluorescence detection 
30 included three detection steps with different sensitivity set on the LlF detector (laser 
induced fluorescence detector), 1%, 5% and 25%. Excess buffer was washed away by 
a short spin before the addition of the labelled detection antibody. The detection 
antibody was allowed to bind to fee analyte during the following spin step and the 
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sandwich immunoassay was foimed with capture antibody on solid phase, analyte 
attached to capture antibody and detection antibody bound to analyte. Six wash steps 
were included, two times with noiraal wash buffer and four times witia wash buffer 
including isopropanol 20%, to remove all nnreacted detection antibody. 

5 

In the beginning cell lysatc runs were mainly performed according to the basic assay 
protocol with the capture anti body being distributed all over the porous bed. 
Modifications were tested because of difficulties to establish a specific interaction 
between the PDGFp-receptor and the antibodies. First of all, the analyte and the 
10 detection antibody Spin program were extended and the linear flow over Ifae bed _ 

reduced to enable the PDGF p-receptor in the cell lysate to attach to the capture 
antibody. After analyte addition three extra wash steps were included with PBS buffer 
without Twccn-20 and the second and the fourth wash step were followed by a pulsed 
spin program, allowing the solution to move through The beds by simple diffusion- 
1 5 The final wash steps afi:er detection antibody was the same with the exception that 
isopropanol was excluded in the wash buffer. 

Due to a lot of uncontrolled non-specific interactiojfts in the cell lysate assay a 
segmented porous bed containing an upstream part devoid of capture anti-analyte 
20 antibody and a downstream part exposing anti-analyte antibody was loaded in reaction 
microcavities of the microstmctures. The gel filtration particle Superdex™ peptide 
(Amersham Biosciences, Uppsala, S.) was loaded in a 5 x dilution slurry onto the 
existing polystyrene phenyldextran particle beds- Supcrdex™ peptide is used for high- 
resolution gel filtration of p^tides and other small biomolecules of 100-7000 
25 molecular weight 

Results 

From pre-experiments three antibody pahs were selected P-20/958, P-20/PY99 and 
958/PY99. 

30 

Non-^segmented porous bed. In general the cell lysate runs revealed high CV values 
due to the signal distribution where a lot of variation between the triplicates was seen. 
In some cases a small difference in signal could be seen between undiluted cell lysate 
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and blank signals bm mostly significant signals were hard to distinguish from 

background signals. The enrichment in the beds was mostly irregular and a g^eral 
bed pattern could not be seen, in some cases the signal had a tendency to progress 
down the porous bed. 

5 

Segmented porous bed. Two types of segmented porous beds were tested: 
a) abed of polystyrene particles (essentially non-porous) coated with phwiyldextran 
on top of a bed of polystyrene particles coated with phenyldexttan to which 
streptavidin has been immobilized, and 
10 b) a bed of SuperdexTM peptide on top of a bed of polystyrene particles coated wiA 
phenyldextran to which streptavidin has been iramobilized. 
In particular for the Superdex™ peptide segmented bed showed an hnprovement in 
signals for the three antibody pairs compared to the non-segmeated bed. See in figure 
<S. Differences between cell lysate and blank responses could also be discerned. 

15 

Certain innovative aspects of ihc invention are defined in more detail in the appending 
claims. Although the present invention and its advantages have been described in 
detail, it should be understood that various changes, substitutions and alterations can 
be made herein without departing ftom flie spirit and scope of the invention as defined 
20 by the appended claims. Moreover, the scope of the present application is not 
intended to be Kmited to the partictflar embodiments of the process, machine, 
manufecture, composition of matter, means, methods and steps described in the 
specification. As one of ordmary skill in the art wUl readily appreciate fiom the 
disclosure of the present invention, processes, machines, manufecture, compositions 
25 of matter, means, methods, or steps, presently existing or later to be developed that 

perform substantiaUy dxe same function or achieve substantially the same result as tihe 
. corresponding embodiments described herein may be utilized according to the present 

'/ invention. Accordingly, the appended claims are intended to include within tiieir 

* scope such processes, machines, manufecture, compositions of matter, means, 

30 mefljods, or steps. 
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CLAIMS iv-.... 

1 . A microfluidic device that comprises one, two or more microchannel structures, 
each of which comprises a reaction microcavity retaining a solid phase material in 
the form of a wet porous bed, a reactant being exposed in immobilized form on 

5 (he solid phase material and capable of imeracring with a solute (S) In a liquid 
passing throu^ the bed, characteri2ed in that 

a) the porous bed comprises a downstream pan and an upstream part abutting 
the downstream pait» possibly with a porous membrane between the parts 
securing physical separation of the material of one pan &om the material of 

10 the otiher part, and 

b) the immobilized reactant is primarily exposed in the downstream part. 

2. The microfluidic device according to claim 1 , characterized in that the porous 
bed is a packed bed of particles in at least one of the ttpstream and the downstream 

1 5 part and a porous monolithic plug in the other part, if any. 



3. The microfluidic device according to any of claims l-2» characterl2;ed in that the 
solid phase material in the upstream part comprises a size exclusion material 
permitting the solute s to pass throu^ essentially iinbindered compared to one or 

20 more solutes that negatively afifects desired reactions downstream the upstream 
part, said size exclusion materia! preferably being a liquid chromatographic size 
exclusion material such as a gel filtration material 

4. A microfluidic device comprising one, two or more microchannel structures, each 
23 of which comprises a reaction microcavity intended for retainmg a solid phase 

material in the form of a wet porous bed, characterized in ihat each of said one, 
two or more microchannel stnicmres comprises the solid phase material in a dry 
state that also comprises a bed-preserving agent comprising one or more 
compounds having bed-preserving activity. 

30 

5. The microfluidic device according of claims 4, characterized in thar at least one 
of said one or more compounds a) exhibit a hydrophilic group that may or may nor 
be non-ionic, and b) are water-soluble. 
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6. The microfluidic device according to any of claims 4-5, characterized in that at 
least one of said one or more compounds is a polyol. 

5 7. The microfluidic device according to any ofclatms 4-6, characterised in that at 
least one of said one or more compounds eothibits carbohydrate stnicture, such as 
polysaccharide structure or oligosaccharide simciute. 

8. The microfluidic device accordfaig to any of claims 4-7, characterized in 4at at 
10 least one of said one or mote compounds is a disaccharide, preferably trehalose. 

9. The microfluidic device according to any of claims 4-8, characterized in that at 
least one of said one or more compounds can be in a glassy state in at least a part 
of the interval +15-35*C. 

15 

10. The microfluidic device of any of claims 4-9. characterized in that at least one of 
said compounds is a microeavity adherence agsit. 



»^ r 
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A microfluidic device that comprises one, two or more microchamiel sfructiires, eacli 
of which comprises a reaction ndcrocavicy retaining a solid phase material in the form 
5 of a wet porous bed, a reactant being exposed in immobilized form on the solid phase 
material and capable of interacting with a solute (S) in a liquid passing through the 
bed. The device is characterized in that 

a) the porous bed comprises a downstream part and an upstream part abutting 
the downstceam pan, possibly with a porous membrane between the parts 

1 0 securing physical separation of the material of one part from the material of 

the other part, and 

b) the immobilized reactant is primarily exposed in flie downstream part. 

A microfluidic device comprising one, two or more microchannel stnictures^ each of 
15 which comprises a reaction microcavity intended for retaining a solid phase material 
in the form of a wet porous bed. Each of said one, two or more microchannel 
structures comprises the solid phase material in a dry state together with a bed- 
preserving agent comprising one or more conipounds having bed-preserving activity. 
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Figure 3 
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Figure 4a 




Figure 4b 

Packed bed without drying 
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Figure 5a 
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Figure 5c 



Vacuum-dried with 100 mM trehalose, 1 month 
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■~^4.5enM(A9) 
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Figure 5d 



Freeze-dried with 10 mM trehalose, 1 month 
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Comparison between one non-segmented and two 
segmented porous beds 
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Figure 6 



